Recent research has expanded the list of factors that control spatial attention. Beside current goals and perceptual salience, statistical learning, reward, motivation and emotion also affect attention. But do these various factors influence spatial attention in the same manner, as suggested by the integrated framework of attention, or do they target different aspects of spatial attention? Here I present evidence that the control of attention may be implemented in two ways. Whereas current goals typically modulate where in space attention is prioritized, search habits affect how one moves attention in space. Using the location probability learning paradigm, I show that a search habit forms when people frequently find a visual search target in one region of space. Attentional cuing by probability learning differs from that by current goals. Probability cuing is implicit and persists long after the probability cue is no longer valid. Whereas explicit goal-driven attention codes space in an environment-centered reference frame, probability cuing is viewercentered and is insensitive to secondary working memory load and aging. I propose a multi-level framework that separates the source of attentional control from its implementation. Similar to the integrated framework, the multi-level framework considers current goals, perceptual salience, and selection history as major sources of attentional control. However, these factors are implemented in two ways, controlling where spatial attention is allocated and how one shifts attention in space.
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Spatial reference frame a b s t r a c t Recent research has expanded the list of factors that control spatial attention. Beside current goals and perceptual salience, statistical learning, reward, motivation and emotion also affect attention. But do these various factors influence spatial attention in the same manner, as suggested by the integrated framework of attention, or do they target different aspects of spatial attention? Here I present evidence that the control of attention may be implemented in two ways. Whereas current goals typically modulate where in space attention is prioritized, search habits affect how one moves attention in space. Using the location probability learning paradigm, I show that a search habit forms when people frequently find a visual search target in one region of space. Attentional cuing by probability learning differs from that by current goals. Probability cuing is implicit and persists long after the probability cue is no longer valid. Whereas explicit goal-driven attention codes space in an environment-centered reference frame, probability cuing is viewercentered and is insensitive to secondary working memory load and aging. I propose a multi-level framework that separates the source of attentional control from its implementation. Similar to the integrated framework, the multi-level framework considers
Introduction
The visual world is complex; not all input can be perceived or acted upon at once. Spatial attention allows one to prioritize locations that are most relevant or significant. Extensive research has examined factors that drive spatial attention, leading to the theoretical development of an attentional "priority map" (Bisley & Goldberg, 2010; Fecteau & Munoz, 2006; Gottlieb & Balan, 2010) . Early studies focused on current goals and perceptual salience as factors that influence attentional priority (Egeth & Yantis, 1997). More recent studies have considered selection history, including inter-trial priming, reward learning, statistical learning, and motivational and emotional factors, as a third source of spatial attention (Chelazzi, Perlato, Santandrea, & Della Libera, 2013; Kristj ansson & Campana, 2010; Turk-Browne, 2012; Vuilleumier, 2015) . This research cumulates into an integrated framework of spatial attention, in which current goals, perceptual salience, and selection history jointly determine the priority weights one assigns to locations (Awh, Belopolsky, & Theeuwes, 2012) . But how are these various sources E-mail address: jiang166@umn.edu. 
